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7KH PROHFXODU DQG FHOOXODU EDVLV RI YLUXVYHFWRU
LQWHUDFWLRQV WKDW UHJXODWH WUDQVPLVVLRQ DUH QRW
ZHOO XQGHUVWRRG EXW LW LV FOHDU WKDW JHQHWLF
HOHPHQWV ZLWKLQ ERWK WKH YLUXV DQG WKH YHFWRU
XOWLPDWHO\ GHWHUPLQH LI D SDUWLFXODU VSHFLHV RU
LQGLYLGXDO ZLWKLQ D VSHFLHV RI DUWKURSRG LV DEOH WR
WUDQVPLW D SDUWLFXODU YLUXV VWUDLQ *UD\ DQG
%DQHUMHH  (QYLURQPHQWDO RU DELRWLF IDFWRUV
DOVR SOD\ D UROH LQ GHWHUPLQLQJ YLUXVYHFWRU
LQWHUDFWLRQV EXW LQ JHQHUDO WKHVH IDFWRUV VHHP WR
LQIOXHQFH WKH HIILFLHQF\ RI WKH LQWHUDFWLRQ UDWKHU
WKDQ SUHYHQW WKH LQWHUDFWLRQ 3RZHU DQG *UD\
 :HDYHU  $ PDMRULW\ RI
DUWKURSRGERUQH SODQW DQG DQLPDO YLUXVHV WKDW
FLUFXODWH LQ WKHLU LQVHFW YHFWRUV DQG LQ PDQ\ FDVHV
LQIHFW WKH LQVHFW DUH WUDQVPLWWHG E\ RQH RU D
OLPLWHG QXPEHU RI FORVHO\ UHODWHG YHFWRU VSHFLHV
)XUWKHUPRUH SRSXODWLRQV ZLWKLQ D VSHFLHV ZLOO
GLIIHU LQ WKHLU DELOLW\ WR HIILFLHQWO\ YHFWRU FHUWDLQ
YLUXVHV ,QWUDVSHFLILF YDULDWLRQ LQ YHFWRU FDSDFLW\
KDV EHHQ GHVFULEHG IRU FLUFXODWLYH SODQW YLUXVHV
%HQFKDUNL HW DO  *UD\  DQG DQLPDO
YLUXVHV*RRGLQJ
0XOWLSOH VWXGLHV ZLWK DQLPDO DQG SODQW YLUXVHV
KDYH LQIHUUHG WKDW WUDQVPLVVLRQ FRPSHWHQFH LV
JHQHWLFDOO\ UHJXODWHG LQ WKH LQVHFW YHFWRU ,QGLUHFW
HYLGHQFH LV DYDLODEOH IURP VWXGLHV WKDW
FKDUDFWHUL]H LQVHFW SRSXODWLRQV ZLWK GLIIHUHQW KRVW
DGDSWDWLRQV RU WKDW DUH JHRJUDSKLFDOO\ LVRODWHG
DQG WKDW GLIIHU LQ WKHLU DELOLW\ WR WUDQVPLW YDULRXV
FLUFXODWLYH YLUXVHV %RXUGLQ HW DO  *UD\ HW DO
 7DUGLHX[ HW DO  7HVK HW DO 
'LUHFW HYLGHQFH IRU JHQHWLF UHJXODWLRQ ZDV
REWDLQHG IURP PDWLQJV RI DUERYLUXVFRPSHWHQW
DQG UHIUDFWRU\ YHFWRU JHQRW\SHV DQG WKH
VXEVHTXHQW DQDO\VLV RI WKHLU SURJHQ\ %HHUQWVHQ
HW DO  %RVLR HW DO  )DLOORX[ HW DO
 3RO\JHQLF LQKHULWDQFH ZDV LQIHUUHG LQ
VHYHUDO LQVWDQFHV 7DEDFKQLFN  7DUGLHX[ HW
DO  DOWKRXJK VLQJOH ORFXV FRQWURO KDV EHHQ
GHVFULEHG IRU WKH VXVFHSWLELOLW\ RI Culicoides
variipennis WR EOXHWRQJXH YLUXV 7DEDFKQLFN
 6LPLODUO\ WKH LQDELOLW\ RI D VWUDLQ RI Aedes
aegypti WR WUDQVPLW VHYHUDO IODYLYLUXVHV LV
UHJXODWHG E\ HLWKHU D VLQJOH JHQH RU D VHW RI FORVHO\
OLQNHG JHQHV 0LOOHU DQG 0LWFKHOO  5HFHQWO\
TXDQWLWDWLYH WUDLW ORFL KDYH EHHQ LGHQWLILHG LQ
PRVTXLWRHV WKDW UHJXODWH YHFWRU FRPSHWHQF\
$QGHUVRQ HW DO  %HQQHWW HW DO  EXW
QR LQVHFW JHQHV KDYH EHHQ LGHQWLILHG WKDW DUH
GLUHFWO\ OLQNHG WR WKH UHJXODWLRQ RI DUERYLUXV
WUDQVPLVVLRQ
7KH JHQHWLFV RI SODQW YLUXV WUDQVPLVVLRQ ZDV ILUVW
VWXGLHG E\ 6WRUH\ 6WRUH\  6WRUH\  +H
GHWHUPLQHG WKDW WKH WUDQVPLVVLRQ RI Maize streak
virus D FLUFXODWLYH QRQSURSDJDWLYH JHPLQLYLUXV
ZDV LQKHULWHG DV D VLPSOH PDWHUQDOOLQNHG
GRPLQDQW IDFWRU LQ WKH OHDIKRSSHU Cicadulina
mbila 6XEVHTXHQW VWXGLHV RQ WKH WUDQVPLVVLRQ RI
RWKHU FLUFXODWLYH YLUXVHV E\ SODQWKRSSHUV DQG
OHDIKRSSHUV DOVR FRQILUPHG JHQHWLF FRQWURO
DOWKRXJK LQKHULWDQFH FKDUDFWHULVWLFV GLIIHUHG
7UDQVPLVVLRQ FRPSHWHQFH RI WKH FLUFXODWLYH
SURSDJDWLYH Rice stripe virus ZDV UHFHVVLYH DQG
QRW VH[OLQNHG LQ WKH SODQWKRSSHU Lagdelphax
striatellus .LVLPRWR  7UDQVPLVVLRQ
FRPSHWHQFH RI WKH SURSDJDWLYH Rice hoja blanca
virus LQ WKH SODQWKRSSHU Sagosodes oryzicola,
ZDV FRQWUROOHG E\ D VLQJOH UHFHVVLYH JHQH =HLJOHU
DQG0RUDOHV
$SKLGV RIIHU D XQLTXH DGYDQWDJH RYHU RWKHU
DUWKURSRG YHFWRUV DV D PRGHO IRU VWXG\LQJ WKH
JHQHWLFV RI YHFWRU FRPSHWHQFH DV WKH\ DUH F\FOLF
SDUWKHQRJHQV LH WKH\ DOWHUQDWH VH[XDO
UHSURGXFWLRQ ZLWK SDUWKHQRJHQHWLF UHSURGXFWLRQ
6LQFH QR UHFRPELQDWLRQ RFFXUV GXULQJ
SDUWKHQRJHQHVLV %ODFNPDQ  :LOVRQ HW DO
 HDFK SDUWKHQRJHQHWLF JHQRW\SH UHSUHVHQWV
D FORQH WKDW FDQ EH PDLQWDLQHG LQGHILQLWHO\ 7KLV
DOORZV UHSOLFDWH SKHQRW\SLF PHDVXUHPHQWV RI
PXOWLSOH TXDQWLWDWLYH WUDLWV WKDW LQFUHDVHV WKH
H[SHULPHQWDO SRZHU RI DQ\ JHQHWLF DQDO\VHV 7KH
JHQHWLF LQWHJULW\ RI YDULRXV UHJLRQV RI WKH QXFOHDU
JHQRPH RI DQ DSKLG FORQH KDV EHHQ YHULILHG XVLQJ
PROHFXODU PDUNHUV 'HEDUUR HW DO  )XNDWVX
DQG ,VKLNDZD  6KXIUDQ HW DO  DOWKRXJK
FORQDO ILGHOLW\ LV QRW DEVROXWH /R[GDOH DQG /XVKDL
 6KXIUDQ HW DO  1HYHUWKHOHVV VWXGLHV
KDYH VKRZQ JHQHWLF VWDELOLW\ IRU RYHU 
JHQHUDWLRQV 6KXIUDQ HW DO  :H KDYH
REVHUYHG D  \HDU VWDELOLW\ RI WUDQVPLVVLRQ
SKHQRW\SHV LQ FORQDO SRSXODWLRQV RI VHYHUDO DSKLG
VSHFLHV IRU WZR YLUXVHV XVHG LQ WKLV VWXG\ Barley
yellow dwarf virus-PAV %<'93$9 Luteovirus
DQG Cereal yellow dwarf virus-RPV &<'9539
Polerovirus 3RZHU DQG *UD\  *UD\
XQSXEOLVKHG GDWD 7KHVH WZR YLUXVHV DQG ILYH
RWKHU UHODWHG YLUXVHV FDXVH EDUOH\ \HOORZ GZDUI
GLVHDVH WKH PRVW HFRQRPLFDOO\ LPSRUWDQW YLUXV
GLVHDVH RI FHUHDO FURSV 7KHVH YLUXVHV DUH
WUDQVPLWWHG LQ D FLUFXODWLYHQRQSURSDJDWLYH
PDQQHU ZKLFK PHDQV WKH\ PXVW FLUFXODWH WKURXJK
WKH DSKLG LQ RUGHU WR EH WUDQVPLWWHG WR D QHZ
SODQW EXW WKH\ GR QRW UHSOLFDWH ZLWKLQ WKH DSKLG
ERG\ $OWKRXJKDOODSKLGVSHFLHVWHVWHGFDQLQJHVW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH2 DQ\ RI WKHVH YLUXVHV LI WKH\ IHHG RQ WKH SKORHP RI
DQ LQIHFWHG SODQW HDFK YLUXV LV WUDQVPLWWHG RQO\
E\ RQH RU D IHZ VSHFLILF VSHFLHV 7KLV YHFWRU
VSHFLILFLW\ LV UHJXODWHG E\ WKH DELOLW\ RI WKH YLUXV WR
EH UHFRJQL]HG E\ XQFKDUDFWHUL]HG UHFHSWRUV RQ
HLWKHU WKH KLQGJXW RU DFFHVVRU\ VDOLYDU\ JODQG
WLVVXHV DQG EH WUDQVSRUWHG DFURVV WKHVH WLVVXHV
VHH *UD\DQG*LOGRZ IRUUHYLHZ
7KH XQXVXDO OLIH F\FOH RI DSKLGV KDV EHHQ SRRUO\
H[SORLWHG E\ JHQHWLFLVWV EHFDXVH LQGXFLQJ WKH
VH[XDO SKDVH DQG SHUIRUPLQJ FURVVHV LV QRW
SRVVLEOH LQ PDQ\ VSHFLHV DQG GHOLFDWH LQ PRVW
+RZHYHU LQGXFWLRQ RI WKH VH[XDO IRUPV DQG
FURVVHV DUH QRZ URXWLQH IRU VRPH VSHFLHV %LUFK HW
DO  'HGU\YHU HW DO  +HOGHQ DQG 'L[RQ
 6KXIUDQ HW DO  9LD  DQG WKHVH
JHQHWLF V\VWHPV DUH SURYLGLQJ YDOXDEOH
LQIRUPDWLRQ RQ KRVW SUHIHUHQFH DGDSWDWLRQ WR
KRVW UHVLVWDQFH LQVHFWLFLGH UHVLVWDQFH DQG
GHYHORSPHQWDO ELRORJ\ 7KH JHQHWLFV RI SODQW YLUXV
WUDQVPLVVLRQ LQ DSKLGV ZDV ILUVW DWWHPSWHG E\
%MRUOLQJ DQG 2VVLDQQLOVVRQ  7KH\ WHVWHG
WKH WUDQVPLVVLRQ SKHQRW\SH RI WZR ) JHQRW\SHV
IURP Myzus persicae FORQHV WKDW GLIIHUHG LQ WKHLU
DELOLW\ WR WUDQVPLW Potato leafroll virus +RZHYHU
D OLPLWHG QXPEHU RI SURJHQ\ SUHFOXGHG DQ\
JHQHWLF DQDO\VHV 5HFHQWO\ 3DSXUD HW DO 
WHVWHG  ) SURJHQ\ JHQHUDWHG E\ VHOILQJ D FORQH
RI Sitobion avenae 7KH SDUHQW ZDV DQ LQHIILFLHQW
YHFWRU RI %<'93$9 \HW WKH WUDQVPLVVLRQ
HIILFLHQF\ RI WKH ) SURJHQ\ UDQJHG IURP  WR
 0RUH UHFHQWO\ 'HGU\YHU HW DO  FURVVHG
JHQRW\SHV RI S. avenae WKDW GLIIHUHG LQ %<'93$9
WUDQVPLVVLRQ HIILFLHQF\ $QDO\VLV RI WKHLU )
SURJHQ\ OHG WKH DXWKRUV WR FRQFOXGH WKDW
WUDQVPLVVLRQ ZDV SRO\JHQLF DQG LQHIILFLHQW
WUDQVPLVVLRQ HIILFLHQF\ ZDV WKH GRPLQDQW
SKHQRW\SH :H KDYH XVHG DQRWKHU DSKLG S.
graminum WR LQYHVWLJDWH WKH JHQHWLFV RI
%<'9&<'9 WUDQVPLVVLRQ DQG UHSRUW KHUH WKDW
PXOWLSOH DQG GLIIHUHQW ORFL DUH LQYROYHG LQ WKH




7ZR JHQRW\SHV RI S. graminum RULJLQDOO\
GHVFULEHG DV ELRW\SH & 6J& DQG ELRW\SH )
6J) 3RUWHU HW DO  ZHUH REWDLQHG IURP 'U
-RKQ %XUG 86'$ $56 6WLOOZDWHU 2. &RORQLHV
RI DOO DSKLG JHQRW\SHV ZHUH PDLQWDLQHG RQ µ/XG¶
EDUOH\ DV SUHYLRXVO\ GHVFULEHG 5RFKRZ  7R
LQGXFH VH[XDO PRUSKV DSKLG FRORQLHV ZHUH PRYHG
IURP D &  /' UHJLPH WR D & 
/' UHJLPH 6H[XDOV EHJDQ WR GHYHORS DIWHU
DSSUR[LPDWHO\  ZHHNV ,PPDWXUH IHPDOHV WK
LQVWDUV LGHQWLILHG E\ WKLFNHQHG KLQG WLELD ZHUH
UHPRYHG IURP WKH FRORQ\ SODFHG LQ VHDOHG
FRQWDLQHUV ZLWK GHWDFKHG EDUOH\ OHDYHV DQG
DOORZHG WR PROW LQWR DGXOWV DIWHU ZKLFK DGXOW
PDOHV RI WKH RWKHU JHQRW\SH ZHUH LQWURGXFHG LQWR
WKH FRQWDLQHU )HUWLOL]HG HJJV EODFN LQ FRORU ZHUH
UHPRYHG IURP OHDI SLHFHV XVLQJ D ILQH FDPHO KDLU
SDLQW EUXVK PRLVWHQHG ZLWK  FDOFLXP
SURSLRQDWH DQG SODFHG RQ VWHULOH ILOWHU SDSHU
PRLVWHQHG ZLWK FDOFLXP SURSLRQDWH LQ VWHULOH 3HWUL
SODWHV (JJV ZHUH LQFXEDWHG DW   &  KU GDUN
IRU WKUHH PRQWKV DIWHU ZKLFK WKH\ ZHUH
WUDQVIHUUHG WR &  /' UHJLPH 'HWDFKHG
EDUOH\ OHDYHV ZHUH SODFHG LQ WKH GLVK DQG KDWFKLQJ
Q\PSKV ZHUH DOORZHG WR GHYHORS RQ WKHVH OHDYHV
IRU  WR  GD\V SULRU WR EHLQJ WUDQVIHUUHG WR SODQWV
RQH Q\PSK SHU SODQW (DFK VXUYLYLQJ Q\PSK ZDV
FRQVLGHUHG DV D VHSDUDWH JHQRW\SH DQG WKH FRORQ\
ZDV PDLQWDLQHG E\ SDUWKHQRJHQHWLF UHSURGXFWLRQ
DW &  KU OLJKW 1HZ FRORQLHV RI HDFK
JHQRW\SH ZHUH VWDUWHG IURP WKUHH VW LQVWDU
Q\PSKV DSSUR[LPDWHO\ HYHU\  WR  ZHHNV .DWVDU
DQG*UD\
Virulence in wheat
7KH 6J) DQG 6J& ELRW\SHV ZHUH RULJLQDOO\
VHSDUDWHG XVLQJ GLIIHUHQWLDO FXOWLYDUV RI ZKHDW
SRVVHVVLQJ GLIIHUHQW UHVLVWDQFH JHQHV 3RUWHU HW DO
 6J) LV YLUXOHQW RQ FXOWLYDUV WKDW KDYH WKH
*E RU *E JHQH ZKHUH 6J& LV DYLUXOHQW RQ
FXOWLYDUV H[SUHVVLQJ HLWKHU RI WKHVH JHQHV *UD\ HW
DO  LGHQWLILHG WKDW %<'9&<'9
WUDQVPLVVLRQ HIILFLHQF\ LQ S. graminum ELRW\SHV
ZDV FRUUHODWHG ZLWK KRVW SUHIHUHQFH 7R GHWHUPLQH
LI YLUXV WUDQVPLVVLRQ SKHQRW\SH LQ WKH DSKLG ZDV
JHQHWLFDOO\ OLQNHG WR WKH YLUXOHQFH SKHQRW\SH LQ
ZKHDW WKH 6J) DQG 6J& SDUHQWV DQG WKHLU )
SURJHQ\ ZHUH HYDOXDWHG IRU WKHLU YLUXOHQFH RQ WKH
ZKHDW FXOWLYDUV $PLJR DQG /DUJR WKDW H[SUHVV WKH
Gb2 RU Gb3 JHQH UHVSHFWLYHO\ 9LUXOHQFH LV
FKDUDFWHUL]HG E\ QHFURWLF VSRWV ZLWK FKORURWLF
KDORV WKDW DSSHDU DW IHHGLQJ VLWHV RI WKH DSKLGV
$YLUXOHQFH LV FKDUDFWHUL]HG E\ VPDOO FKORURWLF
VSRWV WKDW DSSHDU DW WKH IHHGLQJ VLWHV EXW WKH
VSRWV GR QRW LQFUHDVH LQ VL]H RU EHFRPH QHFURWLF
:KHDW VHHGOLQJV DW WKH WZROHDI VWDJH WKUHH SHU ´
SRW ZHUH LQIHVWHG ZLWK DSSUR[LPDWHO\  DGXOW
DSKLGV $SKLGV ZHUH LQWURGXFHG RQWR WKH VRLO DQG
DOORZHG WR GLVWULEXWH WKHPVHOYHV RQ WKH ZKHDW
SODQWV 7KH SODQWV DQG DSKLGV ZHUH HQFORVHG LQ
RQH FDJH DQG PDLQWDLQHG DW   &  /'
UHJLPH IRU  GD\V 2EVHUYDWLRQV RI QHFURVLV ZHUH
PDGH DW  WR   WR  DQG  WR GD\V DIWHU
LQIHVWDWLRQ 'DPDJH ZDV VFRUHG DV    
GHSHQGLQJ RQ LI QHFURVLV ZDV REVHUYHG DW  WR 
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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QHFURWLFV\PSWRPVE\GD\V QHFURWLFV\PSWRPVE\GD\V QHFURWLFV\PSWRPVE\GD\V QRYLVLEOH
QHFURWLFV\PSWRPV([SHULPHQWVZHUHUHSHDWHGWRWLPHV6WDQGDUGGHYLDWLRQVDUHLQSDUHQWKHVHV
GD\V DIWHU LQIHVWDWLRQ  WR  GD\V DIWHU LQIHVWDWLRQ
 WR  GD\V DIWHU LQIHVWDWLRQ RU QR QHFURVLV
UHVSHFWLYHO\ ([SHULPHQWV ZHUH UHSHDWHG  WR 
WLPHV IRU HDFK ) JHQRW\SH DQG DSSUR[LPDWHO\
HLJKW JHQRW\SHV ZHUH HYDOXDWHG ZLWKLQ HDFK
H[SHULPHQW GHSHQGLQJ RQ DYDLODELOLW\ RI DSKLGV
7KH 6J) DQG 6J& JHQRW\SHV ZHUH XVHG DV
FRQWUROVLQHDFKH[SHULPHQW
Virus transmission assays
7KH YLUXV LVRODWHV XVHG LQ WKH VWXG\ %<'93$9
&<'9539 ZHUH SUHYLRXVO\ GHVFULEHG 3RZHU DQG
*UD\  DQG KDYH EHHQ PDLQWDLQHG LQ µ&RDVW
%ODFN¶ RDW E\ URXWLQH WUDQVIHU WR \RXQJ RDW SODQWV
XVLQJ Rhopalosiphum padi. 'XULQJ WKHVH
H[SHULPHQWV YLUXV VRXUFH SODQWV ZHUH LQRFXODWHG
E\ 6J-) 9LUXV VRXUFH OHDYHV ZHUH FROOHFWHG
DSSUR[LPDWHO\ ± ZN DIWHU LQRFXODWLRQ 7KH EDVH
RI WKH GHWDFKHG OHDI ZDV ZUDSSHG LQ FRWWRQ
PRLVWHQHG DQG LQVHUWHG LQWR D  FP GLDPHWHU
SODVWLF WXEH VR WKDW WKH FRWWRQ DW WKH EDVH RI WKH
OHDI IRUPHG D SOXJ DW WKH HQG RI WKH WXEH $GXOW
DSKLGV ZHUH FROOHFWHG IURP D  ZHHNROG FRORQ\
GURSSHG LQWR WKH WXEH DQG DOORZHG WR FUDZO RQWR
WKH OHDI $ IRDP VWRSSHU ZDV XVHG WR VHDO WKH WRS
HQG RI WKH WXEH WR SUHYHQW DSKLGV IURP HVFDSLQJ
7KH DGXOWV ZHUH DOORZHG WR IHHG RQ WKH OHDI DQG
SURGXFH \RXQJ IRU  KUV SULRU WR EHLQJ UHPRYHG
7KH Q\PSKV ZHUH UHPRYHG  KUV ODWHU WKHUHIRUH
WKH\ ZHUH DOORZHG D  WR  KU DFTXLVLWLRQ DFFHVV
SHULRG GHSHQGLQJ RQ ZKHQ WKH\ ZHUH ERUQ 7KLV
WHFKQLTXH ZDV XVHG WR PLQLPL]H WKH KDQGOLQJ RI
\RXQJ DSKLGV ZKLFK DUH HDVLO\ GDPDJHG $W WKH
HQG RI WKH  WR  KU DFTXLVLWLRQ DFFHVV SHULRG D
PDMRULW\ RI WKH Q\PSKV KDG PROWHG WR VHFRQG
LQVWDUV 7KUHH DSKLGV ZHUH WUDQVIHUUHG WR HDFK
UHFLSLHQW QRQLQIHFWHG SODQWV µ&RDVW %ODFN¶ RDW WR
GHWHUPLQH WUDQVPLVVLRQ HIILFLHQF\ $SKLGV ZHUH
DOORZHG D  WR  GD\ LQRFXODWLRQ DFFHVV SHULRG DQG
WKHQ WKH SODQWV ZHUH IXPLJDWHG ZLWK ''93
22GLPHWK\O2>GLFKORURYLQ\O SKRVSKDWH
LQ D FORVHG FKDPEHU PRYHG WR D JUHHQKRXVH DQG
REVHUYHG IRU V\PSWRP GHYHORSPHQW IRU  WR 
ZHHNV $FTXLVLWLRQ DQG LQRFXODWLRQ DFFHVV
H[SHULPHQWV ZHUH FRQGXFWHG LQ SODQW JURZWK
URRPV PDLQWDLQHG DW   &  /' UHJLPH
9LUXV WUDQVPLVVLRQ HIILFLHQF\ ZDV FDOFXODWHG DV
WKH SHUFHQWDJH RI WKH WRWDO QXPEHU RI SODQWV
LQIHVWHG ZLWK YLUXOLIHURXV DSKLGV WKDW EHFRPH
LQIHFWHG 7KH WUDQVPLVVLRQ HIILFLHQF\ GDWD ZHUH
WUDQVIRUPHG DV DQ DUFVLQ VTXDUH URRW SULRU WR
DQDO\VLV DOWKRXJK WKH XQWUDQVIRUPHG GDWD DUH
SUHVHQWHG LQ ILJXUHV 8VXDOO\ HDFK WUDQVPLVVLRQ
H[SHULPHQW HYDOXDWHG  WR  ) JHQRW\SHV SOXV
WKH WZR SDUHQWV XVLQJ  WR  UHFLSLHQW SODQWV IRU
HDFK DSKLG JHQRW\SH 7UDQVPLVVLRQ H[SHULPHQWV
ZHUH UHSHDWHG  WR  WLPHV IRU HDFK ) K\EULG $OO
OHDYHV XVHG DV YLUXV VRXUFH WLVVXH ZHUH WHVWHG IRU
WKH SUHVHQFH RI YLUXV XVLQJ D GRXEOH DQWLERG\
VDQGZLFK HQ]\PH OLQNHG LPPXQRVRUEHQW DVVD\
*UD\HWDO
Transmission data analysis
$QDO\VLV RI YDULDQFH RQ DUFVLQ WUDQVIRUPHG GDWD
ZLWK IL[HG DQG UDQGRP IDFWRUV ZDV XVHG WR WHVW
WKUHH K\SRWKHVHV UHJDUGLQJ WKH PRGH RI
LQKHULWDQFH RI YLUXV WUDQVPLVVLRQ IRU HDFK YLUXV 
:DV WKH WUDQVPLVVLRQ HIILFLHQF\ DPRQJ WKH )
JHQRW\SHV JHQHWLFDOO\ YDULDEOH 352& 0,;('
6$6  F1 clone LV D UDQGRP IDFWRU"  +RZ
GLG WKH PHDQ WUDQVPLVVLRQ HIILFLHQF\ RI DOO WKH )
JHQRW\SHV FRPSDUH WR WKH PHDQ WUDQVPLVVLRQ
HIILFLHQF\ RI HDFK SDUHQW 352& */0 6$6 
parent vs hybrid LV D IL[HG IDFWRU"  :DV WKH
WUDQVPLVVLRQ SKHQRW\SH LQ ) JHQRW\SHV
LQIOXHQFHG E\ WKH GLUHFWLRQ RI WKH FURVV 352&
*/0 6$6  Direction of the cross LV D IL[HG
IDFWRU" 7KH PHDQV RI HDFK OHYHO RI IL[HG HIIHFWV








DQG 6J& [ 6J) PHDQ RI WKH ) K\EULG
JHQHUDWLRQ ZHUH FDOFXODWHG LQ 352& 0,;(' DV
OHDVWVTXDUH PHDQV /60($16 VWDWHPHQW ZKLOH
WKH YDOXH IRU HDFK OHYHO RI WKH UDQGRP HIIHFW HDFK
FORQH ZLWKLQ WKH ) K\EULG SRSXODWLRQ ZDV
HVWLPDWHG DV D EHVW OLQHDU XQELDVHG SUHGLFWRU RU
%/83 RSWLRQ 62/87,21 7KH YDULDQFH
FRPSRQHQWV DQG EURDGVHQVH KHULWDELOLWLHV +
ZHUH GHWHUPLQHG DV WKH UDWLR EHWZHHQ WKH WRWDO
JHQHWLF YDULDQFH DQG WKH WRWDO SKHQRW\SLF
YDULDQFH IRU HDFK YLUXV VWUDLQ VHSDUDWHO\ E\
H[WUDFWLQJ EHWZHHQJHQRW\SHV LH JHQHWLF DQG
HQYLURQPHQWDO FRPSRQHQWV RI YDULDQFH IURP
RQHZD\ $129$¶V RQ ) JHQRW\SHV ZLWKLQ HDFK
YLUXV W\SH XVLQJ 352& 0,;(' 6$6 
*HQHWLF FRUUHODWLRQV EHWZHHQ WKH WUDQVPLVVLRQ
HIILFLHQF\ RI WKH YLUXV LVRODWHV ZHUH FDOFXODWHG LQ
) JHQRW\SHV DV SURGXFWPRPHQW FRUUHODWLRQV RI
FORQH PHDQV WKH UFP RI 9LD  XVLQJ 352&
&2556$6
Results
Generation of Sg-F x Sg-C F1 genotypes
7ZHOYH VHSDUDWH PDWLQJV RI 6J) IHPDOHV DQG 6J&
PDOHV DQG  VHSDUDWH PDWLQJV RI 6J& IHPDOHV
DQG 6J) PDOHV \LHOGHG  DQG  IHUWLOL]HG
HJJV UHVSHFWLYHO\ (JJ KDWFK HIILFLHQF\ UDQJHG
IURP  WR  'XH WR VSDFH DQG UHVRXUFH
FRQVWUDLQWV ZH KRSHG WR PDLQWDLQ  )
SDUWKHQRJHQHWLF UHSURGXFLQJ JHQRW\SHV IRU HDFK
FURVV EXW RQO\  DQG  JHQRW\SHV VXUYLYHG IRU
WKH 6J) [ 6J& DQG 6J& [ 6J) FURVVHV
UHVSHFWLYHO\
F1 segregation ratios on resistant wheat
1HFURVLV ZDV HYLGHQW RQ SODQWV LQIHVWHG ZLWK 6J)
XVXDOO\ E\  GD\V ZLWK D PHDQ GDPDJH VFRUH RI
 6J& IHHGLQJ GLG QRW UHVXOW LQ REVHUYDEOH
V\PSWRPV DQG D PHDQ VFRUH RI  ZDV FDOFXODWHG
7KH UHDFWLRQV RI WKH LQGLYLGXDO JHQRW\SHV ZHUH
JHQHUDOO\ FRQVLVWHQW DFURVV H[SHULPHQWV 7R
DQDO\]H WKH GDWD WKH ) JHQRW\SHV ZHUH GLYLGHG
LQWR FDWHJRULHV RI LQHIILFLHQW YHFWRUV LQWHUPHGLDWH
YHFWRUV RU HIILFLHQW YHFWRUV 7KHVH GLYLVLRQV ZHUH
VRPHZKDW DUELWUDU\ EDVHG RQ URXJKO\ HTXDO
QXPEHUV RI K\EULGV LQ HDFK FDWHJRU\ RU ZKHUH DQ
REYLRXV GLYLVLRQ ZDV REVHUYHG ZKHQ WKH
WUDQVPLVVLRQ HIILFLHQF\ RI LQGLYLGXDO JHQRW\SHV
ZDV SORWWHG 7KH GLYLVLRQV IRU 3$9 WUDQVPLVVLRQ
ZHUH  ± DQG ! IRU LQHIILFLHQW
LQWHUPHGLDWH DQG HIILFLHQW YHFWRUV UHVSHFWLYHO\
7KH GLYLVLRQV IRU 539 WUDQVPLVVLRQ ZHUH 
± DQG ! IRU LQHIILFLHQW LQWHUPHGLDWH
DQG HIILFLHQW YHFWRUV UHVSHFWLYHO\ 7KH YLUXOHQFH
UHDFWLRQ RQ µ$PLJR¶ Gb2 JHQH ZDV VLJQLILFDQWO\
PRUH VHYHUH IRU HIILFLHQW YHFWRUV RI 3$9 DQG OHDVW
VHYHUH IRU LQWHUPHGLDWH YHFWRUV 7DEOH  7KH
VDPH WUHQG ZDV HYLGHQW IRU 539 DOWKRXJK WKH
GLIIHUHQFHV ZHUH QRW VLJQLILFDQW 7KHUH ZHUH QR
VLJQLILFDQW GLIIHUHQFHV DPRQJ YHFWRU FDWHJRULHV IRU
3$9 RU 539 DQG WKH YLUXOHQFH UHDFWLRQ RQ µ/DUJR¶
Gb3 JHQH7DEOH
S. graminum populations segregating for
virus transmission
7KH WZR SDUHQWDO S. graminum JHQRW\SHV 6J)





*UD\ HW DO  ZLWK UHVSHFW WR WKH
WUDQVPLVVLRQ RI 3$9 DQG 539 7KH WZR JHQRW\SHV
VLJQLILFDQWO\ GLIIHUHG LQ WKHLU DELOLW\ WR WUDQVPLW
3$9 )     S DQG 539 )   
 S )LJXUH  6J) WUDQVPLWWHG 3$9
DQG 539 ZLWK PHDQ WUDQVPLVVLRQ HIILFLHQF\ RI
 DQG  UHVSHFWLYHO\ DOWKRXJK WKH UDQJH
ZDV  WR  DQG  WR  UHVSHFWLYHO\ 6J&
WUDQVPLWWHG 3$9 DQG 539 ZLWK PHDQ
WUDQVPLVVLRQ HIILFLHQF\ RI  DQG  UHVSHFWLYHO\
)LJXUH  DQG WKH UDQJH ZDV  WR  DQG  WR
 UHVSHFWLYHO\ 7KHVH H[SHULPHQWV ZHUH
FRQGXFWHG RYHU  PRQWKV DQG WUDQVPLVVLRQ
HIILFLHQF\ YDULHG GHSHQGHQW XSRQ HQYLURQPHQWDO
FRQGLWLRQV 7KHUH ZDV D JHQHUDO WUHQG RI ORZHU
WUDQVPLVVLRQ HIILFLHQF\ GXULQJ WKH VXPPHU
PRQWKV IRU ERWK 3$9 DQG 539 )LJXUH  $W WKH
HQG RI WKH H[SHULPHQW LW DSSHDUV WKDW DQ 539
LVRODWH ZDV VHOHFWHG WKDW LV PRUH HIILFLHQWO\
WUDQVPLWWHG E\ 6J) WKDQ WKH LVRODWH ZH VWDUWHG
ZLWK $ FRQVLVWHQW KLJK OHYHO RI WUDQVPLVVLRQ RI
WKLV LVRODWH KDV FRQWLQXHG LQ VXEVHTXHQW
H[SHULPHQWV %XUURZV HW DO  ,Q FRQWUDVW
WKHUH ZDV QRW D VHOHFWLRQ IRU D PRUH HIILFLHQWO\
WUDQVPLWWHG3$9LVRODWH
(DFK RI WKH ) K\EULG JHQRW\SHV ZDV HYDOXDWHG IRU
WUDQVPLVVLRQ HIILFLHQF\ RI 3$9 DQG 539 LQ
PXOWLSOH H[SHULPHQWV DQG D PHDQ WUDQVPLVVLRQ







JHQRW\SHV ZHUH WHVWHG LQ HDFK H[SHULPHQW DORQJ
ZLWK ERWK SDUHQWV WKDW VHUYHG DV SRVLWLYH 6J)
DQG QHJDWLYH 6J& FRQWUROV LQ HDFK RI WKH )
K\EULG H[SHULPHQWV 'XH WR WKH YDULDWLRQ LQ WKH
WUDQVPLVVLRQ HIILFLHQF\ RI WKH SDUHQW JHQRW\SHV
DFURVV DOO H[SHULPHQWV DQG D QHHG WR FRPSDUH WKH
WUDQVPLVVLRQ HIILFLHQFLHV RI WKH ) JHQRW\SHV ZLWK
HDFK RWKHU ZH FDOFXODWHG D FRUUHFWHG WUDQVPLVVLRQ
HIILFLHQF\ 7( IRU HDFK ) JHQRW\SH XVLQJ WKH
IROORZLQJ IRUPXOD 7(FRUU   ï7(6J)
ï7()7(6J) ï7(6J& $Q DFWXDO PHDQ
WUDQVPLVVLRQ HIILFLHQF\ ZDV FDOFXODWHG IRU HDFK )
JHQRW\SH 7() 7KH PHDQ WUDQVPLVVLRQ
HIILFLHQF\ IRU HDFK RI WKH SDUHQWV 7(6J) DQG
7(6J& ZDV FDOFXODWHG XVLQJ RQO\ WKH GDWD IURP
WKH H[SHULPHQWV D SDUWLFXODU ) ZDV WHVWHG LQ DQG
WKHQ WKH PHDQ YDOXH IRU WKDW ) ZDV FRUUHFWHG
EDVHG RQ WKH SDUHQW YDOXHV ,I WKH PHDQ
WUDQVPLVVLRQ HIILFLHQF\ RI WKH ) JHQRW\SH ZDV
ORZHU WKDQ WKH PHDQ IRU 6J& LWV WUDQVPLVVLRQ
HIILFLHQF\ ZDV  6LPLODUO\ LI WKH PHDQ
WUDQVPLVVLRQ HIILFLHQF\ RI WKH ) JHQRW\SH ZDV
KLJKHU WKDQ WKH PHDQ IRU 6J) LWV WUDQVPLVVLRQ
HIILFLHQF\ ZDV  ,Q PRVW FDVHV WKH PHDQ RI
WKH ) JHQRW\SH ZDV EHWZHHQ WKH PHDQ YDOXHV IRU
WKH SDUHQWV 7KH UDQJH RI FRUUHFWHG WUDQVPLVVLRQ
HIILFLHQFLHV RI 539 DQG 3$9 IRU HDFK ) K\EULG LV
VKRZQLQ )LJXUHV DQG 
) JHQRW\SHV ZHUH JHQHWLFDOO\ YDULDEOH IRU
WUDQVPLVVLRQ RI 3$9 )     3







WKDW YHFWRU FRPSHWHQFH VHJUHJDWHG LQ WKH )
JHQHUDWLRQ 7KLV VXJJHVWV WKDW DW OHDVW RQH RI WKH
SDUHQWV IRU DW OHDVW RQH RI WKH ORFL LQYROYHG ZDV
QRW IL[HG DV WKH ) JHQHUDWLRQ ZRXOG RWKHUZLVH EH
KRPRJHQHRXV 7KLV LV QRW XQXVXDO ZKHQ SDUHQWDO
JHQRW\SHV XVHG IRU WKH FURVVHV DUH GUDZQ IURP D
QDWXUDO SRSXODWLRQ 7KH EURDGVHQVH KHULWDELOLW\
+ ZDV HTXDO WR  DQG  IRU 3$9 DQG 539
WUDQVPLVVLRQ UHVSHFWLYHO\ LQGLFDWLQJ WKDW D
VLJQLILFDQW SURSRUWLRQ  DQG  RI WKH
YDULDWLRQ LQ WKH DELOLW\ RI ) JHQRW\SHV WR WUDQVPLW
3$9 DQG 539 ZDV GXH WR JHQHWLF GLIIHUHQFHV
EHWZHHQ ) JHQRW\SHV 7KHUH ZDV GLUHFWLRQDO
GRPLQDQFH IRXQG IRU WUDQVPLVVLRQ RI ERWK
YLUXVHV DV ) JHQRW\SHV GLVSOD\HG DQ DELOLW\ WR
WUDQVPLW 3$9 )    3    DQG 539
)    3    ZLWK VLPLODU HIILFLHQFLHV DV
6J) 7KH PHDQ WUDQVPLVVLRQ HIILFLHQFLHV IRU WKH
) SRSXODWLRQ ZHUH VLJQLILFDQWO\ KLJKHU WKDQ 6J&
IRU ERWK 3$9 )    3 DQG 539
)    3 )LJXUH  7KHUH ZDV D
ZHDN FRUUHODWLRQ EHWZHHQ WKH DELOLW\ WR WUDQVPLW
539 DQG 3$9 LQ WKH ) JHQRW\SHV UFP    3  
 )LJXUH  LQGLFDWLQJ WKH DELOLW\ WR





YLFH YHUVD $W OHDVW RQH RI WKH ORFL LQYROYHG LQ 3$9
WUDQVPLVVLRQ DQG LQ 539 WUDQVPLVVLRQ LV GLIIHUHQW
DQGVHJUHJDWLQJLQWKH)SURJHQ\
$OWKRXJK WKH GLUHFWLRQ RI WKH FURVV GLG QRW KDYH D
VLJQLILFDQW HIIHFW RQ WKH WUDQVPLVVLRQ HIILFLHQF\ RI
ERWK 3$9 )    3    RU 539 )
    3    )LJXUH  WKH ) JHQRW\SHV
ZLWK 6J) DV WKH PDWHUQDO SDUHQW ZHUH RQ
DYHUDJH VOLJKWO\ PRUH HIILFLHQW YHFWRUV RI 3$9 DQG
539 7KLV VXJJHVWV WKDW WKH PDWHUQDOO\LQKHULWHG
HQGRV\PELRQWV DQGRU F\WRSODVPLF IDFWRUV IURP
WKH 6J) JHQRW\SH GR QRW SOD\ D PDMRU UROH LQ WKH
LQKHULWDQFH RI YLUXV WUDQVPLVVLRQ EXW DGGLWLRQDO
ZRUN LV QHHGHG WR GHILQLWLYHO\ GHWHUPLQH LI WKH\
SOD\DQ\UROH
Discussion
7KH DELOLW\ WR JHQHUDWH VH[XDOV DQG WKHQ PDLQWDLQ
SDUWKHQRJHQHWLFDOO\ UHSURGXFLQJ K\EULG DSKLG
JHQRW\SHV LV D SRZHUIXO WRRO IRU JHQHWLF DQDO\VLV
:H ZHUH DEOH WR PDLQWDLQ JHQHWLFDOO\ VWDEOH
JHQRW\SHV DQG UHSHDWHGO\ DVVD\ HDFK SDUHQW DQG
K\EULG JHQRW\SH IRU PXOWLSOH TXDQWLWDWLYH
SKHQRW\SHV ,Q SXUHO\ VH[XDO VSHFLHV LW LV
QHFHVVDU\ WR JHQHUDWH ³UHFRPELQDQW LQEUHG OLQHV´
LQ RUGHU WR REWDLQ UHSOLFDWLRQ +RZHYHU
LQEUHHGLQJ GHSUHVVLRQ DQG UHVLGXDO JHQHWLF
YDULDWLRQ LV FRPPRQ LQ UHFRPELQDQW LQEUHG
DSKLGV 9LD  ELDVLQJ JHQHWLF DQDO\VHV :H
DFNQRZOHGJH WKDW FORQDO ILGHOLW\ LV QRW DEVROXWH
DQG WKDW JHQHWLF YDULDWLRQ GXH WR VRPDWLF DQG OHVV
RIWHQ JHUP OLQH PXWDWLRQV GRHV RFFXU LQ FORQDO
OLQHDJHV RI DSKLGV /R[GDOH DQG /XVKDL 
6KXIUDQ HW DO  &HUWDLQO\ WKH FORQDO
JHQRW\SH LV RQO\ DV UREXVW DV WKH PDUNHUV XVHG WR
HYDOXDWH WKH VWDELOLW\ RI WKH FORQDO OLQHDJH
+RZHYHU YLUXV WUDQVPLVVLRQ SKHQRW\SH KDV EHHQ
D VWDEOH TXDQWLWDWLYH WUDLW LQ DSKLG SRSXODWLRQV
PDLQWDLQHG LQ RXU ODERUDWRU\ IRU RYHU  \HDUV
3RZHU DQG *UD\  7KLV OHYHO RI JHQHWLF
VWDELOLW\ DOORZV UREXVW TXDQWLWDWLYH JHQHWLF VWXGLHV
RQ WKH PHFKDQLVPV RI YLUXV WUDQVPLVVLRQ DQG D
VHSDUDWLRQ RI WKH JHQHWLF DQG HQYLURQPHQWDO
IDFWRUV WKDW FDQ LQIOXHQFH WKH WUDQVPLVVLRQ
SURFHVV $SKLGV RIIHU XQLTXH RSSRUWXQLWLHV IRU DQ
LQGHSWK JHQHWLF DQDO\VLV RI JHQHWLF WUDLWV VXFK DV
YHFWRU FRPSHWHQF\ RU PRUH VSHFLILFDOO\ YHFWRU
HIILFLHQF\ 9HFWRU FRPSHWHQF\ FDQ EH VWXGLHG LQ
RWKHU LQVHFWV WKDW UHSURGXFH VH[XDOO\ KRZHYHU
VLQFH LVRJHQLF SRSXODWLRQV DUH JHQHUDOO\ QRW
DYDLODEOH WUDQVPLVVLRQ HIILFLHQF\ HVWLPDWHV FDQ
RQO\ EH EDVHG RQ D JHQHWLFDOO\ GLYHUVH SRSXODWLRQ
RI LQVHFWV 7KHUHIRUH LW LV QRW SRVVLEOH WR VHSDUDWH
JHQHWLF DQG HQYLURQPHQWDO IDFWRUV WKDW LQIOXHQFH
WUDQVPLVVLRQHIILFLHQF\
%<'9&<'9 LV D PDMRU YLUXV GLVHDVH SUREOHP
WKURXJKRXW WKH FHQWUDO 8QLWHG 6WDWHV ZKHUH S.
graminum LV FRPPRQ 7KH UROH RI S. graminum
LQ WKH HSLGHPLRORJ\ RI %<'9&<'9 LQ ZKHDW LV
QRW ZHOO FKDUDFWHUL]HG LQ WKH FHQWUDO DQG ZHVWHUQ







H[LVW LQ ERWK UHJLRQV +DOEHUW HW DO  5R\HU HW
DO  ,Q WKH VRXWKHDVWHUQ 8QLWHG 6WDWHV S.
graminum ZDV IRXQG QRW WR EH D SULPDU\ YHFWRU
RI %<'9&<'9 LQ ZLQWHU ZKHDW DOWKRXJK LW
FRQVLVWHQWO\ FRORQL]HV ZKHDW HDUO\ LQ WKH JURZLQJ
VHDVRQ &KDSLQ HW DO  *UD\ HW DO  $
QRQYHFWRU SRSXODWLRQ RI S. graminum ZDV
FKDUDFWHUL]HG IURP ZKHDW JURZLQJ LQ 6RXWK
&DUROLQD *UD\ HW DO  ZKHUHDV YHFWRU
FRPSHWHQW JHQRW\SHV DUH FRPPRQ LQ WKLV UHJLRQ
FRORQL]LQJ ZLOG JUDVVHV .HOOH\  1HZ S.
graminum ELRW\SHV DUH FRQWLQXDOO\ EHLQJ
UHFRJQL]HG ZKLFK FDXVH LQMXU\ WR FURSV $QVWHDG
HW DO  :H VSHFXODWHG WKDW WKH GLIIHUHQWLDO
ZKHDW FXOWLYDU GDWD XVHG WR JHQRW\SH QHZ
SRSXODWLRQV ZRXOG SUHGLFW YHFWRU FRPSHWHQF\
$OWKRXJK LW DSSHDUV WKDW KRVW SUHIHUHQFH LV
FRUUHODWHG WR YHFWRU FRPSHWHQFH LQ S. graminum
*UD\ HW DO  YLUXOHQFH RQ GLIIHUHQWLDO ZKHDW
FXOWLYDUV ZDV QRW DQ DFFXUDWH SUHGLFWRU RI YHFWRU
FRPSHWHQFH
7KH LQIOXHQFH RI QRQJHQHWLF IDFWRUV DUH UHIOHFWHG
LQ WKH YDULDWLRQ LQ WUDQVPLVVLRQ HIILFLHQF\ RI WKH
SDUHQWDO JHQRW\SHV RYHU WKH PRQWK SHULRG RI
WKH VWXG\ +HULWDELOLW\ HVWLPDWHV DWWULEXWHG D
VLJQLILFDQW DPRXQW RI YDULDWLRQ LQ WUDQVPLVVLRQ
HIILFLHQF\ RI ) JHQRW\SHV WR JHQHWLF IDFWRUV EXW
REYLRXVO\ RWKHU IDFWRUV VXFK DV WHPSHUDWXUH
KXPLGLW\ OLJKW IHHGLQJ GXUDWLRQ TXDOLW\ RI YLUXV
VRXUFH DQG UHFLSLHQW SODQWV DQG VLWHV RI DSKLG
IHHGLQJ KDYH DOO EHHQ VKRZQ WR LQIOXHQFH
WUDQVPLVVLRQ RI %<'9&<'9 3RZHU DQG *UD\
 7KHVH DELRWLF IDFWRUV DUH XQGRXEWHGO\
FRQWULEXWLQJ WR WKH YDULDWLRQ REVHUYHG LQ WKLV
VWXG\ $OWKRXJK WKH DFTXLVLWLRQ DQG LQRFXODWLRQ
IHHGLQJ SHULRGV ZHUH SHUIRUPHG LQ WHPSHUDWXUH
FRQWUROOHG JURZWK URRPV WKH YLUXV VRXUFH SODQWV
DQG LQRFXODWHG SODQWV ZHUH PDLQWDLQHG LQ
JUHHQKRXVHV DQG VXEMHFW WR WHPSHUDWXUH
IOXFWXDWLRQV DQG RFFDVLRQDO KLJK WHPSHUDWXUHV ,W
LV RXU H[SHULHQFH WKDW WKH WUDQVPLVVLRQ HIILFLHQF\
RI %<'9&<'9 LV JHQHUDOO\ ORZHU DW KLJK
WHPSHUDWXUHV LH WKH VXPPHU PRQWKV RU ZDUP
VXQQ\ SHULRGV LQ VSULQJ DQG IDOO *UD\
XQSXEOLVKHG GDWD 7KLV WUHQG ZDV HYLGHQW LQ WKLV
VWXG\ )LJXUH  DQG ZH DWWHPSWHG WR FRQWURO IRU
HQYLURQPHQWDO IOXFWXDWLRQV E\ VFDOLQJ WKH )
WUDQVPLVVLRQGDWDXVLQJWKHSDUHQWDOSKHQRW\SHV
5HSHDWHG PHDVXUHPHQWV RI WUDQVPLVVLRQ
HIILFLHQF\ LQ ) JHQRW\SHV DOORZHG XV WR JHW D
VHQVH RI LQKHULWDQFH RI WKH WUDQVPLVVLRQ HIILFLHQF\
SKHQRW\SH 7KH SDUHQWDO DSKLGV XVHG LQ WKLV VWXG\
ZHUH QRW JHQHWLFDOO\ IL[HG IRU WUDQVPLVVLRQ
SKHQRW\SH DV VHHQ E\ VHJUHJDWLRQ LQ WKH )
JHQHUDWLRQ 7KLV LV WR EH H[SHFWHG IURP DQ\
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